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The current meter works automatically during a fort- 
night and may be left for that time unattended sus ended 
from one of Q. Ekman's submarine buop.4 I!) this 
mode of sus ension, fkt suggested by the author, one 

measurements from an anc ored ship and due to the 
ro er motion of the latter. The Ekman buoy, by its 

souhe anchorage, is kept a t  a depth of say, 5 or 10 me- 
ters below the surface and there stands as firmly as a rock 
unaffected by the waves and currents of the surface. 

A few of these current meters thuq anchored in the 
Strait of Florida or off the coast of Formosa would serve 
to keep under observation and to record the amount of 
water carried northward; thus it would be possible to 
determine the ossibility of using such information in 
making season3 forecasts of the temperatures over the 
eastern United States and Europe, or over Japan. 

Oon.clusio11.. 

E avoids all t % e errors usual1 inherent in the ordinary 

Notwithstandin the brilliant results gained through 

or of Johan Hjort and Sir John Murray, the vast field of 
research offered by the ocean calls fo? international 
coo ration on a large scale, if the desmd harvest of 

this work appear to the author as particularly worthy of 
sttention: 

I. The existing international network of meteoro- 
logicd observations, sus nded during the war, should 
be extended also over oceans by means of regular 
observations from an adequate number of transoceanic 
liners, reporting by wireless. These telegrams also 
ought to mclude observations of the temperature and 
the salinity of the surface water.5 

11. A special survey of the most impoftant cold and 
warm currents and their regions of junctlon or conflict 
should be systematically maintained by crukm of 

hydrographical observations. 
111. The internal movements, both horizontal and 

vertical in the stratsed water near the coasts should be 
followed b regular observations from a sufEcient num- 
ber of h e  B stations and lightships along the coast line. 
The results should be compared with those from simul- 
taneous hydmbiologicd observations (prevalence of fish 
eggs, larvae, and fkh food or plankton) and the yield of the 
local fisheries, both as regards quantit and quality, and 

of fogs, and, in cold climates, the freezing of fiords and 
bights. 

If the oceanographers and meteorologists of the 
United States, of Canada, and of Japan were to unite 
their efforts with those of northwestern Euro 

soon be on the high road to new and s t a r thg  scientific 
discoveries and also to results of the greatest practical 
value. 

individual efforts t 'ke the cruises of Sir Frithiof Nanseii 

useul r results shall be reaped. The following lines for 

research steamers fully equlpped for meteorologlca Y and 

&o with observations of the local wea ti er, the occurrence 

search along these or similar lines we should un R" oubtedly in re- 

ON WOBKING UP PRECIPITATION OBSEBVATIONS. 

A number of-the younger station officials, enthusiastic in the devel- 
opment and d u d o n  of meteorolwcsl data and particular1 that 
relating to the rainfall of the count 
that seem to indicate a lack of famrkrity with the more fully devel 

have proposed projects orstud 

4 Pdbcrsson. If. A roconling current meter lor d e w  work. Quart. jour. Royal 
Metl. Soc., Landon 1915. 

edtlon'by the author has beem ineluded in a p~posal  for the reorganization 
oI't%w% MeteomlogIcsl Servire presented to the Government by the Ewediah 
delwta~ to the International Council br the Exploration of the Eea. 
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oped methods of analyeia of observational data and processes for elimi- 
nating defects or errore due to c h q s  in methoda or in obaervera or 
other thinga that bring about dkcontmuity in a lon series of obeerva- 
tione. In order to d t  such etudenta in +e pm%lem of d' 
our rainfall observations, we offer the follmng tnanalation of= 

s in Dr. Hugo Meyer's "Guide to the workiy up of meteoro- 
r o y  observations for the benefit of climatology." Although the 
OR 'nal is over 25 yeara old, the methods reaented are still standard 
anfthe principles stated are still regardec! aa fundamontsl.-Ch:hicf of 
Bureau. 

HOMOGENEITY OF THE OBSERVATIONAL MATERIAL. 

In working up or discussing meteorological observa- 
tions the very first care of the student must be to deter- 
mine the homogeneity of the series of observations he is 
using, i. e., to make sure that the changes in values (both 
periodic and nonperiodic) arise solely from chan es in 
weather, and that he has excluded all those sucl d en or 
gradual cha.nges which may arise from a change in expo- 
sure, or in instruments, or in instrumental constants, or 
from a change in the observer-changes that at times may 
be of as great a magnitude as a change in location of the 
station. Therefore, if one is not perfectly certain that 
the tabulations he desires to discuss in further detail, 
actually do present the march of the meteorological 
elements he should undertake to test the homogeneity 
of the different factors of the series. * * * 

Althou h it really seems to be a matter of course that 

series of observations before undertaking further discus- 
sion of them; and althou h Schouw em haaimd the 

stance has not been fu y appreciated untll Hann's recent 
investigations into t8his point.3 Hann has also shown the 
most convenient way for appl mg tests of homogeneity. 

a station is based on the experience that radicalchan es 
in weather are rarely confined to a limit,ed region, rat % er 
they take place with the same sign and with more or less 
equal intensity over extensive districts. Hence tho. 
dzfmences [in the case of. pressure or temperature] 
between si,multaneous observatmns at neigh6orin.g points, are. 
9nwch m e  c d a n t  than the obserwd values themselves. 

Accordingly the testin of the observations a t  a station 

observations a t  a neighboring standard station whose 
work is of guaranteed accuracy; or if no such standard 
station is available then the comparison is to be made 
with simultaneous observations a t  not less than two 
nei hboring stations. 

&e h t  method for comparing the observational re- 
sults on a meteorological element a t  different localities 
which are not too far apart is the phk  mthod. The 
means for all the years (or months T under consideration 
are plotted on coordinate paper, using the same scale for 
each station and arranging the corresponding values a t  
all stations for the same year in the same vertical line; 
each air of points for the same locality are then con- 
necte B by a straight line. In this way one secures 6 num- 
ber of broken lines corresponding to the numbex of sta- 
tions brought together for comparison. In each of these 
lines the rises and falls seem to succeed each othex with- 
out order. On comparing all the curve8 it must appear, 
however, that the succession of rises and falls is the same 

one shou K d convince oneself of t.he homogeneity of a 

The method for testing the o t- servationd matenal from 

point as early as 1897,lyet t % e full bearin8 o P this circum- 

involves a comparison o K the h t  with the simultaneous 

I Meper Hwo. Anleitllng zur Bearbeitung meteorologlseher Beobaehtun n fIlr 
die Klimitologie. Berlin, Jullus Springer, 1891. viii. [4], 187 p., 214 cm. (Sef&tims 
arc from pp. 43-45.51,83. and pp. 182-140.) 

2 EM in thls connectloll Jdrm Hmn.  Untersuchu n Uber die Re nverhlgtltnisse 
von Oenterrcich-Un rn. I. Thnik Die jBlirliche Per lxder  Niedemhz BltsungR- 
ber.,. Kaiserl. Akafiad. Wlssensch., matli.-naturw. KI., Wlen. 1879, &Is 571-635, 
particularly p. 573478. 
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gence. Numerous [European] central meteorological 
offices employ this method for checking a t  least the most 
important meteorological factors in the current monthly 
re 01% from all their stations. 

%us graphic comparison is undoubtedly very reliable, 
yet it is often advisable to substitute for it a computa- 
t i o d  mct;;lro& and particular1 when the series of obsma- 

normal period, because then the test for homogeneity can 

thereduction to a normal. * * * 
me omitted portiona of the discmion apply particularly to reduc- 

tions of temperature and p m r e  observations.] 

In the case of precipitation records it is perhaps yet 
more necessary to reduce the measurements to be com- 
pared to the same normal period, for. it is well known that 
the amount of rainfall varies greatly with the time and 
the locality. At first glance, however, these very reasons 
appear to make such a reduction very difficult. Accord- 
ing to Hann,’however, this may be carried out with such 
certainty that for places having only a short series of 
observation (i. e., less than 10 years) we may, with the 
aid of the long series a t  a neighborin standard station, 

with eater certainty than it is possible to do from the 

opinion that the seasonal rainfds of nei hboring stations 
would show mutual relationships, and Ekrm has not only 
oonfimed this o inion for the seasonal but also shown a 

too far apart. To be sure this agreement does not appear 
between the absolute amounts of the rainfalls; but it is 
all the more striking between the ratios of the monthly to 
the annual amounta in the relative amounts of precipits- 
tion. The lattar are almost the same over considerable 
areas. Accordingly, if we have only a short series of 
observations for a station A, while for a neighboring sta- 
tion N we have the mean precipitation, 8, for the normal 
period, an amount we may call an, then Ham derives the 
normal rainfall a t  A for the same normal period, or 4, by 
means of the relation 

where A and Nare the rainfalls a t  the stations A and N 
for correaponding sears. To determine the normal march 
in the annual penod for the station A we then have to 
assume that the relative distribution amon the months 

successively by the percentage rainfall of the successive 
months at the standard station N. 
This method of reduction is not admissible, however, 

when stations are rather far apart and particularly not 
for stations differing more than but little in altitude. 
Furthermore, “Stations on divides should not be com- 
pared with valle stations, even when the horizontal and 
vertical intervaL are slight. In general, however, 
monthly means derived in this manner possess much 

tions under trial is to be re d uced to a longer (i. e., to a 

be mad e to yield a t  the same time the values needed for 

deduce the normal annual amount an % ita annual period 

actu tf measurementa alone. Kiimtz early expressed the 

great agreement i etween the monthly falls of stations not 

a = S n U I N ) ,  

is the same for both stations. Thus 8, is to % e multiplied 

a H a m  Juliarr. UnteAuchungen iiber dle Re nverhUtnisse etc. I1 Thell. Verb- 
gle%%eltlge Verdeilung ier letheren in d w d t  der Ymats  und Jgh- 

der Periode l849-!878. Naohtrage: F U ? i  Ylttel des Regenfdles und der Re 
rshrsohelnlkhkelt. Bltzuagsber Kalserl.%~I. d. Wbsensch., matbnaturw. 
Wh, l880, II. Abth., 81: 45-7#, &ticulorly p. 57. 

l02208-17-2 

greater reliability than means from direct observatiom 
which do not cover more than, say, 10 ears. 

also be published.” 
Nat-?i scientific interest requires that these 2 irect means sha 

[When the obeervational seriea at one and the BBme station has been 
interrupted by b p a  in expure ,  particularly of the raingage. the 
changes conatitute uat eo many breake in the homogeneity of the 
&ation’s record; it ehould be the first taak of the etudent to secure from 
the broken record a series of homogeneoua observationa at the station 
for the whole time over which observations extend.] 

PRECIPITATION OBSERVATIONS. 

* * * The rainfall tables present first of all the 
mean amount of peci@tation of the ~ndbidual m & 8 ,  and 
almost always from direct observations. But these 
values are not directly com arable; for the months are 

longer month will have the greater rainfalf ?n order, 
therefore, to secure the true annual march of rainfall one 
must reduce the different sums to months of equal lengths, 
whkh can be accomplished by makin the rainfall pro- 

Le i1  give in their tables the precipitation per month- 
day; that is, they divide the mean monthly sums by 28, 
29,30, and 31, respectively. Renou’ reduced the months 
to the normal length of 365.25~12-330.44 days. In the 
writer’s investigation of the distribution of precipitation 
in Germany’ the month was treated as h a m  a normal 

to Q ecause it is somewhat more convenient even though 
somewhat loss esact than Renou’s reduction to 30.44 
da s. In  the writer’s procedure the February means are 
to%e multiplied by 1.06 and those of the 31-day months 
by 0.95 as reduction factors. 

In this case also one may hold yet closer to the direct 
observations by assignin the amounts for January 31 

first four months of the year need no further recomputa- 
tion. The writer’s method is erhaps deserving of 

for the further reason that it is more in harmony with 
the procedures already proposed for other elementa 
[e. temperature means]. This method is, however, 
farfiom bein a enerally accepted one, therefore the 

the monthly means bave been re uced. Of coup88 the 
mean annual total will be the sum of the unreduced 
monthly means. 

It is quite SutEciently accurate to give the amounta 
to whole millimeters, even in the case of the longest 
series of observations; because the meaaurementa thetm- 
selves are not sufficiently accurate to .justify the w e -  
tion of the tenths of a millimeter? However, it 1 
advisable to perform the rounding off only on the com- 
puted means. 

individual reduced 
total amount (i. 
In this case it is pro er to take into account the tentha 

illustrative Table 29, below. 

of different lengths and, o t l  er things boin e ual, the 

ortional to the length of the mon t% . Quetelet’ and 

len th of 30 days, and that decision will here Q e adhered 

and March 1 to the sum f or February, in which case the 

adoption in preference to those o P Quetelet and Kreil- 

investigator s % I f  oul never fail to s ecify whether or no a? 

In  com aring the 
localities t Yl e process 

of a millimeter, as % as been done in column 2 of the 

4 Qwlsltt, A.  Climat de le Bdgique, 5. partie. Ann., Obavatoim de Bnuallm, 
b krcn. . atobgie von B W ~ .  wien IN. p.a.  
8 Reno E-tude sur le ellmat de Paria, + h e .  dnnal6s, Bur. cent. m4Moml. & 

1 Hugo Ye 
I Rfggenbacr Die bel Regenmessungen wibchbare und err%~SrB Qenaulgkdt. 

185a 9 8 .  

Frsnce, >arm, 18%. I, p. 25Q-277. 
In Aus dem Archiv dm Deutdchm Swwarte, 1 

Verhandl., N a t w f d .  Qm., Basel, Isss, Pr. VUX, p. 679. 

It, No. C 
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Group. 

mm. 
O b  9 ..................................................... 
loto 19 ..................................................... 
aob 19 ..................................................... 
mto 89 ..................................................... 
40to 49 ..................................................... 
soto a ..................................................... 
alto Bo ..................................................... 
loto 79 ................................................................. 
mto 89 ..................................................... 
goto 99 ................................................................. 1w to 100 ................................................................. 
110 to 119 ............................................................................. 
laoto 119 ................................................................. 
Emtola9 ................................................................. 
140 to 149. .................................................... 
mBoowr. ............................................................. mtolse ................................................................. 

Ifemu .................................................. 

February. October. -- 
I ............ 
12 1 
10 1 
0 5 
3 2 
5 a 
3 I 

I 
5 7 

5 
9 

1 
5 

1 1 

7 

37mm. 10lmm. 

a 

@ Phantamur. Nouvelles Btudes sur le climat de Gedve. Hem., Soc. de phys. et 

loB-n, -. Peter&nn8 Mttheilungsn, 1886, 3& No. 132. Literaturverzdch- 
d’hist. nat., Genhe 1876 24: 648. 

nLs,P.88. 

.THER REVIEW. APRIL, 1917 

has r o y e d  to compute the “probability of hta2 lack of 
rainJaZ1, a suggestion which certainly deserves a con- 
sideration it has not yet been granted. 

The difference between the mean rainfall of the month 
with heaviest average fall and that of the month with 
the smallest average fall gives the am litude of the a n d  
pe4.iodicity (for Borkum: October -day = 52 mm.) while 
the ratio between the two gives the relative annual range 
(for Borkum = 3.3). 

As in the case of the other meteorolo cal elementa, the 
nerrn dpparture of fhe moni7dy yainf & has long been 
determined by adding the departures from the arith- 
metical mean, disregardin.. thelr sign, and dividing the 
resulting sum by the numier of departures. But since, 
as we have seen, the number and therefore the sum of 
the A+ differ considerably from the h. it is preferred 
to compute the mean ositive and the mean negative 

u per and the lower limits between which the amount 

rainfall will lie nearer the lower than the u per limit. 

months of normal length will as a rule be performed on 
the means, and it is on1 in exceptional cases that pre- 
viously reduced series w$ be available for immediate dis- 
cussion. On this account it is advisable to compute 4 
and h for the unreduced values. A procedure all the 
more permissible since we do not treat these as final in 
any case. The reason for this is that in eneral the 

observations from their mean bears a certain relabon to 
that mean [as the author points out in dlscussing wind 
observations]. We secure values which better represent 
natural conditions if we divide the mean departures by 
the magnitudes to which the relatel i. e., instead of the 
mean departures we discuss &e quotients from their divi- 
sion by the mean values of the month1 rainfalls which 

method seems to be all the more appropnate for precipi- 
tation data when the de artures are very large m com- 
parison with the value ! which they are formed. If 
now, as we have assumdabove, we use the unreduced 
monthly values in computing the departures then we 
must be careful to use the unreduced me? monthly rain- 
falls as the divisors in derivin the rehhve departures; 

differing lengths of the months. This is the way in which 
we denved the values entered in columns 5 and 6 of 
Table 39. 

Precipitation tables should be further enriched by in- 
corporating the values of the absolute eztremes. These bear 
the same relation to the means as do the mean deper- 
tures; the extremes on the side of the excess falla are 
throughout more ronounced (bedeutender) than those 

different lengths of the months are of influence; however, 
it seems this is not im ortant, at least for north German 

so we need not take it into consideration. It seems - 
visable to make no reduction at all rather than to under- 
take a cloubtful one, and all the more since the absolute 
extremes are of interest, first of all, as direct observs- 
tions. 

The sum of the greatest and the least depaxture~gives 
the “ absolute” range in rainfall of the year‘s subdivlsions 
during the iven series of years. Here also I do not con- 

anomahes separately. 5 n this way we ascertain the 

o r precipitation fluctuates on the average. The mean 

“he reduction of the monthly rainfall o B servations to 

amount of the mean departure of a number o f indiyidual 

quotients we call the mean rektive d eparturw. This 

thus we secure again a result il at  is independent of the 

on t-he side of the c Q eficient falls. To be sure, here also the 

BR conditions (see the wor R - referred to in footnote 5 above , 

sider the re f ation to the mean. 
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Month. 

Departnm. 

Number of. I Mean relative. 

mm. PGTenrt. Ai- A -  i- - 
January.. ........................... 44 5.8 5 6 0.u) 0.40 
February. .......................... 50 7.4 I 6 0.46 0.31 
ysmh ............................... 49 6.6 5 5 0.42 0.42 

AS““ ................................ a 5.6 6 5 0.36 0.36 
ay ................................. 39 6.2 4 0 0.67 a a  

June.. .............................. 51 6.9 4 6 0.63 0.42 

July.. ............................... a 42 
Angust.. ............................ 
Bept8mber. ......................... 0. aa 
ootober. ............................ 
November. ......................... 
Dacemk. .......................... 0.27 

Pear.. .............................. 

Yaxlmum. 

7 

mm. 
94 
96 

112 

74 
97 

1% 

130 
156 
172 

157 
95 

942 

im 

47 31 

42 1% 67 49 
98 119 68 61 
22 74 64 46 

5 8 8 3 6 2  b6 38 

4 la 
am. nnn. 

2.8 PI 
4 9 11.0 
at a 6  

3.2 1.1 
aa l6.0 
3.7 30.0 
3.9 8 2  

4.6 81. I 

4.6 !&(I 
4.1 =B 
a. 3 u. P 

6.1 aL P 

a1 =a 

Tbe rainfall of an locality is, however, by no means 

One must also determine the precipitation falling 
within shorter intervah of time, and compute the fre- 
quenc with which precipitation occurs. 

AnJhere the first question is: How de*e a (‘day with 
preciphtwn” 8 
[various definitions have been adopted and pro osed; 

adequately presente K by the mere monthly mean falls. 

the author decides to ado t as a rainday “a c Q ay on 
which more than 0.0 mm. o P precipitation was measured” 

this wi t i  a statement o P #the number of t5 e to days on which 

i. e., the num % er of rainilays in the 

and ur es Hann’s pro osal universall 

“at least 1 111111. (0.04 inch) precipitation was measured” 
(columns 10 and 11 in Table 29)]. 

On account of the various len ths of the month, the 

the total number of days is the pre- 
The good agreement between 

and 11 of Table 29, based on 
differant definitions of a rain-day at Borkum, is by no 
means a general occurrence. 

It is more or less common practice to compute and pub- 
lish the mean density of precipitation or mean rain inten- 
sity, obtained by dividlng the mean amount of precipita- 
tion by the mean number of rain-days ( > 0.0 mm.) ; but 
the significance of this factor is often overestimated. It 
is here out that the rain-intensitv is 

amount which is most like1 
is quite consicl 

for all values relating to 
is smaller than the 

arithmetical mean. 
The eateat amount of precipitation during a day is of 

distincg ater interest than the rtlindensity. The 

occurrence, should never% omitted from a table of pre- 
cipitation. If it is practicable to ‘ve more recise infor- 
mation aa to the duration of consi f B Q  erable f s, this would 
be very welcome; because in many respec$, e. g., in the 

m e  mportance to 

pours of shorter duration than 24 hours. 
The values here discussed have been collected in Table 

29 for the island of Borkum (lat. 53O 35’ N., long. 6’ 45‘ 
E.) off the mouth of the Ems. They must be regarded 
&B the nemwary elements for deacribing the periodic 

maximum Y all in one da 

L o w  the volume of water which fa e8 in intense down- 

accompanied by the year of 

roblams of Hydrotechnics, it is of 

changes in the preci itation of a locality. However, it is 

possible to do so, the rainfall be treated in yet more detad 
and that first of all one determine the,frepency with which 
certain t7wes7wZd values (Schwellenwerthe) are crossed 
in the precipitation of a day. Among other advantages, 
such a computation also brings one to a correct estimation 
of the rain-intensity. For a lon time very iittle work 

already is rich in interest. Only in this wa may one 

relationships. 

urgently recommenced f that, whenever it s in any way 

has been done along this line, f ut the little we have 

secure a sharp picture of the rainfall con B itions and 

5 5 - / .  S/S (7J-y) 
TORNADO OF APRIL 6, 1917, AT TAMPA, PLb. 

By WALTEB J. BENNETT, Meteorologist. 
[Dated: Weather Bureau Ofice, Tamp, Fla. MS. received Apr. 14,1917.1 

At 7 a. m. (90th meridian time) on April 5, 1917, a 
low-pressure area of considerable intensity was central 
over Illinois, with its longer axis extending north- 
northwest to south-southeast. Stron winds had oc- 
curred on the coast of northwestern orida during the 
night. At Tampa the weather was cloudy and warm, the 
temperature being about 7 degrees above normal at the 
7 a. m. observation. “he barometer was falling slowly, 
and the southwesterly winds were increasin . At 9:50 
a. m. small-craft warnings for the Tampa dstrict were 
issued as follows: 

Hoist small-craft warnings. F’reah to strong weat and northweat 
winds, probably thunder squalls. 

An order for small-craft warnings was later received 
from the central office. 

The maximum wind at the station was 26 milea per 
hour from the southwest at 11:05 a. m. and the wmd 
continued above 20 miles per hour until about 1:5O’p. m. 
The first thunder was heard at 12:45 p. m.; rain fell from 
1:12 to 1:44 p. m. yielding the amount of 0.46 inch for 
that interval. The barometer continued to fall slowly 
until after 1 p. m. and then it suddenly rose about 0.02 
inch. 

A violent thunder s uall, coming from the southwest, 
struck Seddon Island ?A of fig. 1) about 1:40 . m. and 

an hour. An outbuilding and a smokestack were wrecked 

assed across Hookers Point (B in fi re). B t Seddon 
h a n d  the wind velocity was estimate CY at about 90 milea 


